INTRODUCTION AND BACKGROUND
Concentrations of metallic elements in terrestrial environments have increased significantly as a result of human activities such as emissions from industrial plants and thermal power stations, waste disposal, soil amendments and vehicle traffic/road infrastructures. Low levels of many metals can pose significant health risks. Metallic pollutants which reach the soil remain present in the pedosphere for many years, even after the removal of pollution sources (Chen et al. 1997; Pichtel et al. 1997; Imperato et al. 2003) . To evaluate the significance of often diffuse sources on urban soils, a major pan-European study is under way. A summary of initial findings from the reconnaissance survey are presented in this paper.
In urban areas, soils acquire new functions and play a distinct environmental role. They have aesthetic and recreational functions in parks and gardens, and contribute to the preservation of biodiversity. They directly influence public health: soil material in an urban environment can more easily come into contact with humans and be transferred through the metabolic chain either as resuspended dust or by direct contact (Bullock and Gregory1991; Ferguson 1999) .
While being rarely subject to ordinary agronomic operations, urban soil receives higher than normal loads of contaminants from traffic, industrial activities and waste disposal. The urban soil matrix is often subject to frequent disturbance, through engineering activities and changes in land use, which often end up with exten- sive sealing, which alters its relationship with water fluxes. Its substrate can be mixed with other anthropogenic materials that may modify its functioning.
There is a need for a better understanding of the quality and function of urban soils. Some limited work has been undertaken (Effland and Pouyat 1997; Pickett et al. 1997 Pickett et al. , 2001 Jim 1998) and, increasingly, urban geochemistry is identified as a focus of research into the impact of metallic contamination (Paterson et al. 1996; Kelly et al. 1996; Birke and Rauch 2000; Peltola and Astrom 2003) . Whilst these considerable data-sets on chemical contamination add to the description, little regard has been given to soil function as a medium for plant growth, its role in the urban ecosystem and particularly its response to changes in external climatic variables or management conditions. As the debate relating to sustainable urban management and demonstration of appropriate sustainability indicators has evolved, very little consideration has been given to the position of soil and its properties, beyond obvious potential hazard to health, from contaminated sites. Ultimately, the soil system supports and sustains urban development, but we have very little information on its role and significance, and until recently it has been ignored in policy development (Lyons 1997; Pacione 2003; Van Kamp et al. 2003) .
In an attempt to provide a harmonised approach to urban soil quality, the URBSOIL (http://urbsoil.paisley.ac.uk) project was established through EU FP5 Energy, Environment and Sustainable DevelopmentCity of Tomorrow and Cultural Heritage (EVK4-CT-2001-00053) . The aim was to focus on urban soils as sources and sinks of pollution, within a common assessment framework, developing decision support systems for sustainable soil management.
As a pilot study to the main URBSOIL project, three cities were selected, which offered a wide range in climate, geology, population, and sources of pollution. The aims of the study were to:
1. survey soil quality and, in a limited number of public parks and gardens as indicated by basic soil properties and using the content of selected metals, to indicate the extent of anthropogenic influence;
2. assess the variability of survey methods and approaches from different cities;
3. evaluate sampling context and site variability in urban soil evaluation;
4. establish general soil properties and description methods for publicly managed land.
This paper reports initial findings from the pilot study, providing a limited soil quality data-set collected from parallel sampling campaigns in three regionally significant historical urban centres: Glasgow, UK, Torino, Italy and Sevilla, Spain. The cities vary in their historical development and regional setting. This can be seen from the wide range of climatic and general conditions, summarised in Table 1 . Steel coring device, samples taken 2-3 m from boundary fence, 10 cores collected from within a 1 m 2 zone; divided into two depths (0-5, 5-10 cm) Steel coring device, 10 cores collected randomly across site; divided into two depths
MATERIALS AND METHODS
Soil samples were collected from a restricted number of parks, gardens and allotments in the three cities, over a one-year period. Sampling locations were chosen in consultation with the local municipality in each city, to reflect old parkland areas and gardens, which had been subject to continued use over long periods of time. Details of sample collection strategy are provided in Table 2 . In two cities (Sevilla and Torino), composite samples were obtained by hand from the locations and, in Glasgow, a standard soil-coring device was used to collect ten replicate samples from a fixed area in four parks and randomly within four allotment gardens (managed by the city authorities).
In all cases, samples were air-dried and gently crushed to pass through a 2 mm sieve, and large stones were removed. The samples were characterised using standard methods for basic soil quality parameters: pH, CEC, organic matter, C/N, P, K, and particle size distribution (Page et al. 1982; Gee and Bauder 1986; HMSO 1986; Rowell 1994; Madrid et al. 2002) , and screened for metal content using an aqua regia extract (e.g. Madrid et al. 2002) . Analysis of metal content was in triplicate, using ICP-OES and flame AAS, with appropriate external standards. The limited amount of sample material collected restricted the analysis of some properties, particularly in the case of the Glasgow soil samples.
RESULTS AND DISCUSSION
Results for basic soil quality parameters are presented in Table 3 , and the soil textural data are shown graphically in Figure 1 . Generally, there is quite a variation in the basic soil properties across all data-sets. The soils of Sevilla and Torino are neutral to alkaline, in line with the calcareous nature of the parent material of local soils. Those from Glasgow tend to show lower pH and have slightly more organic matter, as might be expected from the temperate climate experienced in NW Europe. The soil textures for samples from Torino and Glasgow fall into the 'sand-loamy sand-sandy loam' region of the USDA classification. Those from Sevilla have a wider textural spread, showing the presence of a significantly higher silt/clay fraction. Where available, data for nutrients are quite variable, reflecting different management conditions, addition (or not) of fertilisers, and related soil properties (e.g. CEC). In all cases, the difference between surface and sub-surface samples was not significant for these parameters. It is difficult to comment on comparisons of these values with 'expected' conditions, agricultural standards and previous studies, as very little information exists for urban system soil quality (Jim 1998; Pickett et al. 2001) .
Data for the metal content of soil samples are summarised in Table 4 . The values show extremely wide variations for Cu, Zn, Ni, Cr and Pb, with extreme outliers for many elements found for all cities. This is most dramatic in the case of Pb in Glasgow and Sevilla, and, for Torino, relatively high levels of Ni and Cr. The variability is not so high in the case of these elements in samples from Torino, and reflects the contribution of basic/ultrabasic Alpine geology in the region to the soil parent material (Facchinelli et al. 2001) .
Comparison to what might be expected from an urban soil is supported by numerous examples in the literature. The study by Manta et al. (2002) tabulated mean values from a number of published studies of metals in 'urban soils' world-wide. At a superficial level, the mean data from the three cities in the pilot study fall within a range comparable to levels found elsewhere.
In the cases of Torino and Glasgow, more detailed studies of regional metal levels and variability have been published and are worth commenting on.
For Torino, the range of values (maximum-minimum) observed for Cu, Ni and Cr is close to that for agricultural soils in the region (Facchinelli et al. 2001) , reflecting the dominance of the natural contribution to Ni and Cr. The situation for Cu is different, and reflects its widespread historical use in agriculture as a pesticide, applied within cities as well as in truly agricultural zones. In the case of Zn and Pb, levels (range, mean) within the urban environment are significantly higher than those found in the wider district, indicating much stronger anthropogenic impacts.
A recent compilation of background levels in Scottish soils (Paterson et al. 2003) reviewed soil database information for metal content of mineral soils and a specific rural urban transect through the 'central belt' region of Scotland in which Glasgow is located. For all elements reported here, the range (maximum-minimum) is significantly higher than both the data for this national survey and the regional transect, suggesting a significant urban signature in the parks and allotments sampled.
A much more detailed analysis of the samples from Sevilla has already been presented (Madrid et al. 2002) , and tends to confirm observations made about the soils sampled in the cities of Torino and Glasgow. In Sevilla, Cu, Pb and Zn are enhanced in parks and gardens, and there is evidence of a relationship of contamination levels with vehicle movement.
Clearly, direct comparison to results from other studies of absolute concentration levels has relatively limited merit in terms of defining good or bad soil quality, or the impact of urban activities on soil metal content. However, it would appear that a common group of metallic pollutants is a signature of the cumulative impact of general urban processes across urban environments, and is worthy of further investigation.
The range of maximum values would appear to present a challenge to urban managers when compared to 'guideline' values for the regulatory regime in each region, given the complexity of the EU dimension to soil contamination (Ferguson 1999) . The values at the foot of Table 4 , indicate a significant degree of overlap with the results of this study, even in the case of a city where the natural background is high. Figure 2 (a-d) presents box plots to show the variability of data for surface and sub-surface soil samples from each city. In the case of Glasgow, the samples have been separated into park and allotment data-sets. The variation in metal content within the individual cities is relatively high, with Pb and Zn dominating the patterns in all three cases. The relative scale of variation is different between Glasgow and the other two locations (note axes), but, in all cases, the plots show little difference between the surface and subsurface soils. In the case of Sevilla, the data show no outliers, which are seen for Glasgow and Torino. For the allotment sites in Glasgow, the pattern is similar, with Zn and Pb dominating; however, the values show less variation, particularly in the case of Pb.
In Figure 3 , the within-site variations for some of the Glasgow soil metal data (Cu, Pb and Zn) are presented for the four park and allotment locations. Plots for Ni and Cr are not included, as the variability is low and little difference was observed between the two different land uses. All data for each metal in surface and sub-surface samples have been pooled. For the park locations, the variation is relatively low, except for Pb in one site and to a lesser extent Zn at another location. Clearly, there is much more variability in the allotment data, which may reflect differences in sampling approach (Table 2) . However, this cannot explain the element-to-element variation between sites, and thus emphasises the impact of soil use on metal content.
CONCLUSIONS
This pilot assessment of metal distribution in public parks from three cities in Europe, has highlighted the diverse range of concentrations and the contribution from anthropogenic and natural sources. It has provided a context for future consideration of soil quality in urban environments.
The differences in environmental setting for each of the study locations influence basic soil properties and, consequently, will impact on the relative availability of the metals. From the limited sample-set, the relative variability in metal content between cities seems surprisingly low, when obvious outliers are removed. However, the presence of locations with enhanced levels of, in particular, Pb and Zn, from locations which have remained relatively undisturbed over extended periods, points to significant potential contributions from diffuse pollution sources over time.
This has obvious implications for the management of the sites and, as discussed widely elsewhere, challenges the strategy for guideline limits/values in managing soil resources. Clearly, some locations would be considered to be in need of more detailed risk assessment/remediation.
The impact of differing land use within the Glasgow sites, as reflected in parkland versus allotment use, again suggests different scales of variability. This would be expected from the contrasting soil turnover/ amendment from active agricultural use. It also highlights the potential significance of inter-allotment differences, and the question of different sources of metal.
Clearly, this pilot study has limitations in the description of processes and factors influencing soil metal content. However, it has established a baseline data-set, with the scale of variation in metal content assessed across similar land use types upon which a more detailed investigation has been based. At the time of writing (March 2004) , the URBSOIL project is progressing, with a comprehensive assessment of urban soil collected from public open spaces in six cities across the EU. This will include data from approximately 150 locations per city, and information about metal bioavailability, organic contaminants, and largescale soil processes. The soil quality attributes of the material assessed on the basis of contaminant content and availability, and basic soil properties, will form a harmonised data-set describing the urban soil resource. This will be integrated within a decision-support framework, which will allow exploration of the complex context of sustainable urban management. 
